Aim. is systematic review aimed at investigating the effectiveness of structured education (SE) in improving glycemic control and psychological outcomes in adolescent and adult patients with type 1 diabetes. Methods. Electronic databases (EMBASE, Medline, PubMed, and the Cochrane Library) and the reference lists of included studies were searched from the beginning of the database through April 2019. Randomized controlled trials comparing SE with a control condition and reporting a change in glycosylated hemoglobin (HbA1c) level were included. e primary outcome was glycemic control measured by HbA1c. Secondary outcomes were diabetes-related distress, well-being, depression, and quality of life. Results. Eighteen studies representing 2759 patients were included. Twelve studies targeted adolescents and six targeted adults. Adolescent patients who were randomized to the intervention group did not show significant improvement of HbA1c in the short (SMD � − 0.04; 95% CI: − 0.14 to 0.06; P � 0.41), medium (SMD � − 0.03; 95% CI: − 0.13 to 0.07; P � 0.55), and long term (SMD � 0.04; 95% CI: − 0.16 to 0.25; P � 0.66) or of diabetes self-efficacy (SMD � − 0.17; 95% CI: − 0.33 to 0.00; overall effect P � 0.05). However, SE was effective in reducing HbA1c levels in adult patients with inadequate baseline control (HbA1c higher than 7.5%) (SMD � − 0.52; 95% CI: − 0.86 to − 0.17; P � 0.003). SE significantly improved the well-being and psychological distress of adult patients but had no effect on the extent of depression. Conclusions. Development of more efficient SE programs according to the patients' personal characteristics is needed.
Introduction
Type 1 diabetes mellitus is a chronic condition characterized by an absolute insulin deficiency and a lifelong dependency on exogenous insulin [1] . According to the International Diabetes Federation (IDF), there were approximately 425 million adults suffering from diabetes mellitus (DM) globally in 2017, of which approximately 5% to 10% had type 1 diabetes [2] ; the incidence of type 1 diabetes in adolescents is on the rise and is 6.5% in China [3, 4] . While daily administration of insulin and lifestyle modifications [5] [6] [7] have dramatically changed the disease prognosis in recent decades, the dosing adjustments of intensive insulin therapy and reductions in glycosylated hemoglobin (HbA1c) in order to minimize diabetes-related complications are still challenging in these patients with type 1 diabetes [8, 9] .
Diabetes self-management education is a crucial element in the treatment of diabetes. Notably, it can improve patients' self-management skills and prevent long-term complications [10, 11] . Among a number of diabetes education programs, structured education (SE) was considered to be a high-quality education program for patients with type 1 diabetes [12, 13] .
Since an adapted SE program (Dose Adjustment For Normal Eating, DAFNE) for patients with type 1 diabetes in the UK was evaluated using a randomized controlled trial and reported a significant improvement in both glycemic control and quality of life [14] , SE has been adopted by the UK National Institute for Clinical Excellence (NICE) and the UK Department of Health [15, 16] . NICE defines the SE as "a planned and graded program that is comprehensive in scope, flexible in content, responsive to an individual's clinical and psychological needs, and adaptable to his or her educational and cultural background" and recommends SE for all people with diabetes, stating that it should meet five quality criteria: (1) have a structured written curriculum, (2) have a patient-centered philosophy, (3) is led by trained educators, (4) meets quality assurance standards, and (5) is audited. In many countries, SE has become standard practice for patients with type 1 diabetes [17, 18] .
Although SE is widely accepted as an effective tool for patients with type 1 diabetes to manage their conditions, the conclusions of various studies were inconsistent. Some studies reported that structured type 1 diabetes education can improve glycemic control and quality of life (QOL), reducing the incidence of some severe diabetes-related complications [19] [20] [21] and had a cost-effective benefit and long-term positive effect in adults [22, 23] . However, some studies reported that glycemic control did not improve after the implementation of SE [24, 25] , especially for adolescents [26] [27] [28] . In some studies, there was a trend for HbA1c to return to baseline levels in the long term [29, 30] .
Until recently, no meta-analysis of randomized controlled trials (RCTs) examining the effectiveness of SE for patients with type 1 diabetes has been published. ere is also no meta-analysis examining the long-term effect of SE on patients with type 1 diabetes. To overcome these limitations, we performed a comprehensive systematic review and meta-analysis of RCTs to examine the effectiveness of SE on glycemic control in the short, medium, and longer term in patients with type 1 diabetes. We also explored the effectiveness of SE on various psychological outcomes. e results of this systematic review and meta-analysis may be incorporated into the available evidence and guide future research in this field.
Methods
is meta-analysis was completed in compliance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) statement [31] . Two reviewers independently examined titles and abstracts of articles identified from the search. Only clearly irrelevant studies were discarded. e full text of studies that seemed to be potentially eligible was retrieved. e same two reviewers independently read the full text of studies and selected studies that met the inclusion criteria. In cases of disagreement regarding inclusion, consensus was reached based on discussion by the authors.
Eligibility Criteria.
Studies were included based on the following inclusion criteria: (1) RCTs comparing SE with a control condition (usual care, waiting list, or attention control); (2) studies meeting the key criteria of SE defined by NICE; (3) the study population was diagnosed with type 1 diabetes; (4) HbA1c was measured as the primary outcome or as part of multiple outcomes; and (5) studies published in English. e exclusion criteria were (1) studies combining type 1 and type 2 diabetes and (2) trials for which full-text reports were not available. ere was no limitation on the year of publication, duration of intervention, or the length of follow-up. For studies that reported the results in multiple follow-up times, we included the longest follow-up trial. When studies provided insufficient data on HbA1c, we contacted the author by email. If no response was received, the study was excluded.
Assessment of Risk of Bias.
e quality of the included studies was assessed independently by two reviewers using the criteria of the Cochrane Collaboration risk of bias assessment tool [32] , including judgment of sequence generation, allocation concealment, completeness of outcome data, selective outcome reporting, and other sources of bias. Since blinding of participants and personnel was not feasible for trials of SE, we removed this item from the assessment and divided the blinding of outcome into objective outcome (HbA1c) and subjective outcome (psychological outcomes). Disagreements were resolved by discussion.
Data Extraction.
Two reviewers independently extracted the following information from included studies: general study information, baseline characteristics of participants, characteristics of interventions, time points of outcome assessments, and baseline and follow-up outcome data. Missing information was requested from the corresponding authors. If the trials had more than two groups, we extracted only the information and data of interest reported in the original articles. Disagreements were resolved by consensus.
e primary outcome was glycemic control measured by glycated hemoglobin (HbA1c). Secondary outcomes were diabetes self-efficacy, diabetes-related distress, well-being, depression, and QOL.
Data Synthesis and Analysis.
Results for the mean change in HbA1c, scores of diabetes-related distress, wellbeing, and depression measured by scales before and after the intervention were pooled in a meta-analysis using Review Manager 5.3, and results for QOL were analyzed through narrative synthesis due to insufficient data and the various scales used. Not all measurements were reported in the same form, so we calculated some of the results. A standardized mean difference with 95% confidence intervals for continuous data was used to estimate the effect size. We quantified heterogeneity between studies by using the chisquare test and Higgins' I 2 test. We considered heterogeneity to be low and a fixed-effects model was used if P > 0.1 and I 2 <50%, and a random-effects model was used if P < 0.1 and I 2 was between 50% and 75% [32] . Subgroup analyses were planned for age (adults or youth), follow-up time, and baseline HbA1c (%) to evaluate the treatment effects and explain any heterogeneity.
Results

Study Selection.
e electronic search and additional hand-searching retrieved 1741 publications, and after removal of duplicates, 1309 records remained. Of these, 102 were identified as potentially eligible studies on the basis of title and abstract. Full texts of these records were reviewed for further examination, leading to a total of 18 RCTs included in this meta-analysis. e detailed study selection process is documented in Figure 1. 
Characteristics of the Included Studies.
Eighteen studies fulfilled the inclusion criteria [14, [25] [26] [27] [28] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , and the characteristics of the included studies are presented in Table 1. All included studies were published between 2000 and 2016. Sixteen of the included studies used a parallel design [14, 25, 28, [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] , and two employed a cluster randomized design [26, 27] .
ere were twelve studies targeting adolescent patients [26-28, 34-36, 38, 40-42, 44, 45] and six including adult patients [14, 25, 33, 37, 39, 43] . e sample sizes of the included studies ranged from 53 to 396. e mean (SD) age of the 2759 study participants ranged from 9.9 (1.4) to 46.3 (13.8) years, and the mean baseline HbA1c was between 7.0 (1.3) and 10.0 (1.5). e interventions across studies varied in format, and most studies used face-to-face group education sessions. e length of the intervention varied between five days and fifteen months. With regard to control groups, the majority of included RCTs used usual care [26-28, 33, 35-37, 39, 41-45] , two studies used wait-list control [14, 40] , and three studies used attention control [25, 34, 38] . All studies except one provided detailed information on the control group [40] . In terms of outcomes, all studies reported HbA1c as an outcome measurement, four measured diabetes self-efficacy [27, 33, 34, 38] , five measured diabetes-related distress [33-35, 37, 39] , three measured depression [33, 37, 39] , three measured well-being [14, 35, 37] , and eleven measured quality of life [14, 25-27, 34, 35, 38-40, 42, 43] . e follow-up time ranged from immediately after the intervention to 24 months after the intervention.
Risk of Bias Assessment Results.
e risk of bias is shown in Figure 2 . Ten studies reported adequate random sequence generation and allocation concealment [14, 26-28, 34-38, 40] . Five studies neither described adequate sequence generation nor mentioned allocation concealment [39, 41, 42, 44, 45] . Two studies reported a detailed description of randomization but did not indicate how the allocation concealment was implemented [25, 33] . In one study, a random sequence was generated by one member of the research team and did not mention allocation concealment, which can cause a high risk of bias due to poor allocation concealment [43] . e risk of bias for assessment of HbA1c and most of the subjective outcomes was considered low due to objective measurement and the use of standardized scales. Only seven studies provided intentionto-treat analyses [26, 27, 33-35, 37, 40] . ree studies did not report any information about dropout rates and reasons for International Journal of Endocrinology [25, 28, 43] , and one study provided incomplete psychological data and was at high risk of incomplete outcome data [40] . One study did not report all the outcomes mentioned in the published protocols or study design in the results, which can cause a high risk of selective outcome reporting [25] . Other sources of bias originated from the imbalance of baseline data on several demographic dimensions [36, 43, 45] .
Effect of Interventions.
Eighteen studies examined the effectiveness of SE. Of those studies, twelve targeted adolescent patients [26-28, 34-36, 38, 40-42, 44, 45] and six targeted adult patients [14, 25, 33, 37, 39, 43] . HbA1c was measured in all of those RCTs and was integrated in this meta-analysis according to the follow-up time after the intervention: short term (up to 6 months), medium term (up to 12 months), and long term (more than 12 months). Due to the considerable heterogeneity, pooling the results was not recommended in the meta-analysis. We performed a subgroup analysis according to age group, and the results were reported separately in adolescents and adults.
Effect of Interventions in Adolescent Patients
HbA1c
(1) Short-Term Effect of SE on HbA1c. Eleven studies examined the short-term effects of SE on HbA1c and were pooled in the meta-analysis [27, 28, 34-36, 38, 40-42, 44, 45] . ere was no significant heterogeneity between studies (I 2 � 0%); thus, a fixed-effects model was selected. e meta-analysis ( Figure 3) showed no beneficial short-term effect of SE on HbA1c compared to control conditions (SMD � − 0.04; 95% CI: − 0.14 to 0.06; overall effect P � 0.41).
(2) Medium-Term Effect of SE on HbA1c. Seven studies examined the medium-term effects of SE on HbA1c and were pooled in the meta-analysis [26-28, 35, 41, 42] . e heterogeneity between studies was low (I 2 � 14%); thus, a fixed-effects model was selected for data synthesis. e metaanalysis (Figure 3) showed no beneficial medium-term effect of SE on HbA1c compared to control conditions (SMD � − 0.03; 95% CI: − 0.13 to 0.07; overall effect P � 0.55).
(3) Long-Term Effect of SE on HbA1c.
Four studies examined the long-term effects of SE on HbA1c and were pooled in the meta-analysis [26] [27] [28] 34] . With significant heterogeneity (I 2 � 62%), the random-effects model was selected for data synthesis. e meta-analysis ( Figure 3) showed no beneficial long-term effect of SE on HbA1c compared to control conditions (SMD � 0.04; 95% CI: − 0.16 to 0.25; overall effect P � 0.66).
Diabetes Self-Efficacy.
e effect of SE on the diabetes self-efficacy scale in adolescent patients with type 1 diabetes was examined in three studies [27, 34, 38] . ere was no significant heterogeneity between studies (I 2 � 0%); thus, a fixed-effects model was selected.
e meta-analysis (Figure 4 ) did not show a significant effect of SE on diabetes selfefficacy compared to control conditions (SMD � − 0.17; 95% CI: − 0.33 to 0.00; overall effect P � 0.05).
Quality of Life.
e effect of SE on QOL in adolescent patients with type 1 diabetes was examined in seven studies [26, 27, 34, 35, 38, 40, 42] . Because of the differences in measurement scales, scoring methods, and insufficient data, the QOL results in those studies were presented in different patterns and were not suitable for pooling in the metaanalysis.
erefore, we performed a narrative synthesis. Price et al. [27] reported that the intervention group showed significant improvement in total generic QOL scores compared with controls in the short and medium term (P � 0.04). Graue et al. [42] reported improvement in two components of QOL (diabetes-related impact, P � 0.018; diabetes-related worries, P � 0.004) among older adolescents compared with those in the control condition. However, there were no statistically significant improvements in QOL in the other five studies [26, 34, 35, 38, 40] . ere were two studies with baseline HbA1c <7.5% [25, 39] . With moderate heterogeneity between studies (I 2 � 47%), a fixed-effects model was selected for data synthesis. e meta-analysis ( Figure 5 ) did not show a significant effect of SE in adults with low baseline HbA1c compared to control conditions (SMD � − 0.17; 95% CI: − 0.08 to 0.42; overall effect P � 0.17).
Effect of Interventions in Adult Patients
ere were four studies with baseline HbA1c ≥7.5% [14, 33, 37, 43] . With significant heterogeneity (I 2 � 66%), a random-effects model was selected for data synthesis. e results ( Figure 5 ) showed a significant improvement in adults with baseline HbA1c no less than 7.5% compared to controls (SMD � − 0.52; 95% CI: − 0.86 to − 0.17; overall effect P � 0.003).
Well-Being.
e effect of SE on well-being in adult patients with type 1 diabetes was examined in two studies [14, 37] .
ere was no significant heterogeneity between studies (I 2 � 0%); thus, a fixed-effects model was selected for data synthesis. e meta-analysis ( Figure 6) showed that SE had a significant effect on well-being compared to control conditions (SMD � 0.51; 95% CI: 0.24 to 0.78; overall effect P < 0.001).
Psychological Distress.
e effect of SE on psychological distress in adult patients with type 1 diabetes was examined in three studies [33, 37, 39] .
ere was no significant heterogeneity between studies (I 2 � 0%); thus, a fixed-effects model was selected for data synthesis. e meta-analysis ( Figure 6) showed that SE had a significant effect on psychological distress compared to control conditions (SMD � − 0.23; 95% CI: − 0.44 to − 0.03; overall effect P � 0.02).
Depression.
e effect of SE on depression in adult patients with type 1 diabetes was examined in three studies [33, 37, 39] . e heterogeneity between studies was low (I 2 � 5%); thus, a fixed-effects model was selected for data synthesis. e meta-analysis ( Figure 6 ) did not show a significant effect of SE on depression compared to control conditions (SMD � − 0.18; 95% CI: − 0.38 to − 0.02; overall effect P � 0.08).
Quality of Life.
e effect of SE on QOL in adult patients with type 1 diabetes was examined in four studies [14, 25, 39, 43] . Given the different measurement scales and scoring methods, the QOL results were not suitable for pooling in the meta-analysis. erefore, a narrative synthesis was performed. e DAFNE Study Group [14] reported that the intervention group showed significant improvement in overall QOL compared with the control group in the short term (P < 0.01). Trento et al. [43] found significant improvement in QOL (P < 0.001), whereas QOL was worsened among control patients. Hermanns et al. [33] and Schachinger et al. [25] found no overall effect of intervention on QOL.
Discussion
is systematic review and meta-analysis examined the effects of SE on glycemic control and various psychological outcomes. Based on a systematic literature review, 18 RCTs that met the inclusion criteria were selected from a set of 1741 references.
Effect of SE in Adolescent Patients.
Our meta-analysis synthesized the data from twelve RCTs targeting adolescent patients with type 1 diabetes. We found no significant effect of SE on HbA1c in the short, medium, and longer term, and we also found no significant improvement in diabetes selfefficacy compared with control conditions. Based on the narrative synthesis, this review showed that SE may not improve QOL among adolescent patients with type 1 diabetes in most studies. ese results indicated that SE may not be suitable for adolescent patients with type 1 diabetes. e reasons why SE has no significant effect in adolescent patients can be viewed from two perspectives. For patients, the reason might be due to the difficulties in implementing interventions in this age group [46] . e way of thinking in adolescent patients is still in the developmental stages and is not yet mature. e barriers to effectively managing type 1 diabetes include lacking knowledge and a better understanding of the disease, the therapeutic regimen, and potential complications of diabetes.
e population was adolescents, and many researchers mentioned the poor compliance with the intervention. Many of the unique issues that account for the deterioration in diabetes management occur in this transitional period. Poor self-control, which may be related to behavioral, emotional, and cognitive changes during adolescence [47] , prevents them from achieving better glycemic control as required by their doctors. For studies, the reasons might be due to a lack of effectiveness of the intervention itself [48] . Our research found that the content of many interventions focused on carbohydrate counting and/or insulin adjustment that may be more complicated for adolescent patients to understand. In most studies, psychological approaches were not incorporated into the delivery of SE to increase compliance and develop confidence and motivation to change. e other reason from a research point of view might be explained by the short observation time in most studies. Our findings supported the view of Couch et al. [49] that any particular educational intervention targeted to adolescent patients with type 1 diabetes may not improve metabolic control or QOL. Our results of this subgroup analysis are consistent with a recent systematic review [50] , which indicated that SE could not be strongly recommended for current pediatric clinical practice but should be matched with the right diabetes patient group. However, the validity of the results was weakened by incorporating nonrandomized controlled trials and unclear definitions of SE, leading to the incorporation of studies that did not meet the key criterion of SE, and this systematic review did not discuss the long-term effects of SE. Our findings are different from those of a review [51] that recommended SE to all adolescent and adult patients with type 1 diabetes. is discrepancy might be because the study was only a review and did not provide sufficient evidence. Our systematic review and meta-analysis incorporated only RCTs and assessed a broader variety of outcomes, including biomedical and psychosocial outcomes, all of which increase the reliability of the study. e effects of SE on HbA1c were evaluated according to the follow-up time after intervention.
Effect of SE in Adult Patients.
is meta-analysis integrated the data from six RCTs targeting adult patients with type 1 diabetes. From the results of the subgroup analysis of baseline HbA1c (HbA1c <7.5% or ≥7.5%), we found no significant effect of SE on lower baseline HbA1c level, but there was a statistically significant benefit of structured education on higher baseline HbA1c levels.
is finding could be because people with lower baseline HbA1c levels have better self-management ability and thus have better glycemic control. In addition, SE significantly improved well-being and psychological distress but had no significant effect on the improvement of depression. is observation could be due to most interventions focusing on the management of blood glucose while ignoring psychological conditions. Based on the narrative synthesis, we found inconsistent results for QOL, with two studies showing improvement in quality of life and the other two studies showing a nonsignificant effect. Our results indicate that SE should be implemented in adult patients with type 1 diabetes, especially in adults with a higher baseline HbA1c level.
e findings are consistent with the guidelines of the National Institute for Health and Care Excellence (UK) [15] stating that SE should be available to adult patients with type 1 diabetes but made little difference. However, we found a novel indication that adult patients with a higher baseline HbA1c level might benefit from SE. Future work should consider the personality characteristics of patients.
Strengths and Limitations.
is meta-analysis has several strengths. Although a systematic review of SE programs for children with type 1 diabetes has been published, to our knowledge, this paper is the first meta-analysis that included only RCTs for all age groups, guaranteeing the highest quality of evidence [52] . Second, all of the included RCTs measured HbA1c values, which is an objective value and an acknowledged indicator of glycemic control that can better illustrate the effect of SE in a meta-analysis. We also assessed a broader variety of psychosocial outcomes that can evaluate the effects of SE more comprehensively. ird, the effects of SE on HbA1c in adolescent patients were evaluated in the short, medium, and longer term, focusing on the benefits of SE at different time periods.
Our meta-analysis still has some limitations. First, blinding of participants and personnel is not feasible for trials of SE. Second, we excluded the studies from which the HbA1c results were unable to be integrated in the metaanalysis. Although we corresponded with the original author, there were still two authors who did not reply. ird, a subgroup analysis on follow-up time after intervention could not be performed in adults due to the considerable heterogeneity and lack of RCTs. Finally, because of the differences in measurement and the insufficient data, some relevant parameters for evaluating the effects of SE, such as severe hypoglycemia and TIR, are not suitable for pooling in the meta-analysis. Finally, because of the differences in measurement and the insufficient data, some relevant parameters for evaluating the effects of SE, such as severe hypoglycemia and TIR, are not suitable for pooling in the meta-analysis.
Recommendations for Further Research.
e overall results of our meta-analysis suggest that SE should be implemented in the appropriate patient group based on personal characteristics and development, especially for patients with poor glycemic control.
ere is insufficient evidence to recommend SE programs for adolescent patients with type 1 diabetes. Future studies are warranted to explore the reasons why many SE programs have insufficient effects on adolescent patients by using various approaches, such as in-depth interviews or experimental methods, thus modifying the existing SE programs or developing new SE programs more suitable to this age group. Our research suggests that the content and form of future SE programs should be more simple and flexible, consistent with the cognitive and psychological characteristics of adolescents, for example, adding cartoon elements, using role-playing or other activities in the delivery of SE. For adult patients, SE programs play an active role, especially in adults with a higher baseline HbA1c level. More well-designed RCTs are needed to evaluate the effects of SE in adults with type 1 diabetes.
Conclusions
In conclusion, our meta-analysis indicates that SE can significantly improve glycemic control among adult patients with higher HbA1c levels but has no significant effect on glycemic control, diabetes self-efficacy, or QOL in adolescent patients with type 1 diabetes. More attention should be paid to why many SE programs have no sufficient effects in adolescent patients. Additionally, more well-designed RCTs are needed to better assess the effects of SE in adult patients, and the follow-up time should be much longer. ese findings are instructive for clinical practice. Overall, clinicians should consider personal characteristics and development when implementing SE programs.
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